Polychlorinated biphenyls (PCBs) are persistent environmental contaminants. Exposure to PCBs is associated with a variety of biological effects including induction of enzymes involved in xenobiotic metabolism, alterations in reproductive function, hepatotoxicity, carcinogenicity, and dermal lesions. Thymic atrophy is a consistent finding in PCB-treated animals, and alterations in immunity after exposure to PCBs have been reported (1). For example, monkeys fed Aroclor mixtures of PCBs for 11 months had lower anti-sheep red blood cell titers and decreased concentrations of yglobulin compared to controls (2). The splenic plaque-forming cell response to sheep red blood cells was suppressed in mice exposed acutely to Aroclor mixtures of PCBs (3) or to the coplanar PCB congener 3,3 ',4,4'-tetrachlorobiphenyl (1). In humans accidentally exposed to PCBs, decreases in the total number of T-lymphocytes (4) and in the percentage of peripheral T-lymphocytes (5) , as well in the concentrations of IgM and IgA in serum (5), were reported.
Although effects of PCBs on cell-mediated and humoral immunity have been investigated, little is known about the effects of PCBs on polymorphonuclear leukocytes (PMNs), which contribute to nonspecific immunity. One study reported that 3,3',4,4'-tetrachlorobiphenyl decreased generation of leukotriene B4 from human PMNs stimulated with sodium fluoride (6) . Because sodium fluoride activates G-proteins, which results in metabolism of arachidonic acid and subsequent formation of leukotrienes, the authors speculated that the interaction of sodium fluoride and PCBs with PMNs induced synthesis of a set of inhibitory G-proteins that reduced leukotriene formation. Interestingly, in the same study, exposure to 3,3',4,4'-tetrachlorobiphenyl increased leukotriene B4 release from opsonized zymosan-stimulated PMNs (9) . Briefly, 30-40 ml of 1% glycogen in sterile saline was injected into the peritoneum of rats anesthetized with diethylether. Four hours later the rats were anesthetized again with diethylether and were killed by decapitation. We rinsed the peritoneum with 30 ml of 0.1 M phosphate-buffered saline (PBS) containing 1 U/ml heparin. The rinse solution was filtered through gauze and centrifuged for 7 min at 500g. We lysed contaminating red blood cells in 15 ml of 0.15 M NH4Cl, and then centrifuged the PMNs for 7 min at 300g. Cells were washed once with PBS, 1-'A HWMaII ;sMNAM-9m.l I then resuspended in Hanks' balanced salt solution (HBSS). The final concentration of PMNs in the assays was 2 x 106 cells/ml.
The percentage of PMNs in the cell preparation was routinely >95%, and viability (i.e., ability to exclude trypan blue dye) was >95%.
PMNs were stimulated with either Nformyl-methionyl-leucyl-phenylanine (fMLP) in the presence of cytochalasin B (5 pg/ml) or with PMA. Concentrations of fMLP and PMA were chosen based on previous studies in which these concentrations were shown to stimulate degranulation (9) or superoxide anion production (10) , respectively.
For measurement of superoxide anion (02-) generation, Aroclor 1242 was dissolved in methanol, 3,3' ,4,4'-tetrachlorobiphenyl was dissolved in dimethylformamide, and 2,2',4,4'-tetrachlorobiphenyl was dissolved in 50% acetone/50% dimethylsulfoxide. We added 1 jtl of the stock solutions to 1 ml of HBSS containing the suspended PMNs to achieve the desired final concentrations. Control PMNs received an equivalent volume of the appropriate vehicle. Preliminary studies indicated that none of the vehicles affected 02-production at the concentrations used.
We incubated PMNs at 37 C with PCBs for 30 min. PMA was then added, and samples were incubated for an additional 10 min. We measured O2-generated during this 40-min period spectrophotometrically as the SOD-sensitive reduction of ferricytochrome C (11) . For every sample, two tubes were incubated: one to which SOD (85 U/ml) was added before incubation and one to which SOD was added after incubation. We used the difference in absorbance (550 nm) of the cellfree supernatant fluids from these two tubes to estimate the amount of cytochrome C reduced, using an extinction coefficient of 18.5 cm4 mM4.
To study the degranulation response, PMNs were incubated with PCBs at 37 C in the presence of cytochalasin B for 10 min. We then added fMLP and incubated the cells for another 10 min. The activity of f3-glucuronidase in the cell-free supernatant fluids was measured as the release of phenolphthalein from its glucuronide at pH 4.5 during incubation at 370C (12) .
We determined total l-glucuronidase activity in PMNs lysed with 1% Triton X-100 and sonication, and values are presented as the percentage of total f3-glucuronidase released into the buffer. The presence of PCBs did not interfere with determination of the activity of 9-glucuronidase.
We estimated cytotoxicity from release of the cytosolic enzyme lactate dehydrogenase (LDH). PMNs were incubated with PCBs in the absence or presence of PMA as described above for measurement of generation of 02--We determined the activity of LDH in the cell-free supernatant fluids according to the method of Bergmeyer and Bernt (13) . A separate aliquot of PMNs was lysed with Triton X-100 and sonication, and total LDH activity was determined in the cell-free supernatant fluids from these lysates. Cytotoxicity is expressed as the percentage of total LDH activity released into the buffer. The presence of PCBs did not interfere with determination of the activity of LDH.
Specific binding of [3H]TCDD to cytosol from rat peritoneal PMNs was determined using the hydroxylapatite binding assay (14) . Receptor concentrations are presented as femtomoles of [3H]TCDD specifically bound per milligram of protein.
Results are presented as means + SEM. For all results presented, n represents the number of repetitions of an experiment, and each experiment used cells from different rats. Data were analyzed by analysis of variance. We transformed data that did not safisfy the criterion of homogeneity before further statistical analysis. Individual means were compared using the Student-Newman-Keuls' test. For all studies, the criterion for significance was p <0.05.
Results
Quiescent PMNs produced no O2-' and incubation with Aroclor 1242 up to 1 pg/ml did not stimulate generation of O2- (Fig. 1) . When PMNs were exposed to Aroclor 1242 at a concentration of 10 pg/ml for 30 min, a significant amount of O2-was produced.
Incubation of PMNs with 20 ng PMA/ ml, but not 2 ng PMA/ml, caused significant generation of O2-compared to quiescent PMNs. A significant increase in O2-generation was observed at 1 and 10 pg/ml Aroclor 1242 when PMNs were treated with 2 ng PMA/ml. In PMNs activated with 20 ng PMA/ml, effects of Aroclor 1242 were similar to those seen in the absence of PMA: increased production of O2-was observed only at 10 pg Aroclor 1242/ml. About 7% of the total l-glucuronidase activity appeared in the medium above quiescent PMNs (Fig. 2) . Incubation with Aroclor 1242 at concentrations of 1 pg/ml and higher increased release of B-glucuronidase from PMNs.
In the absence of Aroclor 1242, a concentration-related increase in the percentage of 3-glucuronidase released by control PMNs was observed with fMLP stimulation (Fig. 2) . Exposure (Fig. 4A) . Release of 9-glucuronidase from PMNs was also unaffected by incubation with 3,3',4,4'-tetrachlorobiphenyl (Fig.  4B ). This lack of effect was observed in both the absence and the presence of fMLP. LDH release by PMNs was unaffected by exposure to 3,3',4,4'-tetrachlorobiphenyl (Fig. 5) .
In the absence of PMA, 2,2',4,4'-tetrachlorobiphenyl did not stimulate production of O2- (Fig. 6A) . In the presence of PMA, concentrations of 2,2',4,4'-tetrachlorobiphenyl of 1 and 10 jg/ml increased generation of O2-.
In the absence of fMLP, 2,2',4,4'-tetrachlorobiphenyl did not significantly affect release of 9-glucuronidase from PMNs (Fig. 6B) . Beta-glucuronidase release from PMNs exposed to 2,2',4,4'-tetrachlorobiphenyl was not affected by addition of fMLP at a concentration of 1 nM. When PMNs were activated with higher concentrations of fMLP, exposure to 2,2',4,4'-tetrachlorobiphenyl (1 or 10 jig/ml) inhibited the fMLP-stimulated release of 3-glucuronidase.
Exposure to 10 jg 2,2',4,4'-tetrachlorobiphenyl/ml increased release of LDH, and this was only statistically significant when PMNs were also exposed to PMA (Fig. 7) . 
Discussion
In the present study, the function of rat PMNs was affected by exposure to PCBs in vitro. Aroclor 1242 stimulated O2-generation in a dose-related manner (Fig. 1) .
Production of O2-by PMA-activated PMNs was also altered. Two concentrations of PMA were used in these studies: one that does not cause significant production of f2-(2 ng/ml), and one that does (20 ng/ml). The purpose of using the smaller concentration of PMA was to allow detection of synergy between PCBs and a known activator of PMNs. Such a synergistic effect was observed with Aroclor 1242: the concentration-response curve to Aroclor 1242 shifted to the left in the presence of 2 ng PMA/ml. This effect on f2-production occurred in the absence of significant cytotoxicity to the PMNs, decreasing the likelihood that the increased generation of oxygen free-radicals occurred in response to cell injury. The mechanism by (8), with TCDD having the highest affinity for the receptor. Accordingly, several of the immunotoxic effects of PCBs appear to be mediated through the Ah receptor. Treatment of mice with a coplanar congener (3,3',4,4'-tetrachlorobiphenyl) that binds to the Ah receptor with high affinity resulted in inhibition of the primary direct splenic antibody response, whereas treatment with a congener with lower affinity for the Ah receptor (2,2',5,5 '-tetrachlorobiphenyl) did not alter this response (1). In addition, 3,3',4,4'-tetrachlorobiphenyl was immunotoxic in C57BL/6J mice, which are sensitive to TCDD and have high affinity Ah receptors, but not in DBA/2J mice, which have defective Ah receptors. These results suggest that the Ah receptor may play a role in producing immunotoxic effects.
This hypothesis is supported by the observation that TCDD itself is immunotoxic. Cell-mediated immunity was supEnvironmental Health Perspectives pressed by TCDD in a dose-related manner (21) . Treatment of mice with TCDD resulted in decreased generation of cytotoxic T-lymphocytes (22) and suppression of differentiation of B-cells (23 
